The forward-backward multiplicity and correlations of target evaporated fragment(black track particle) and target recoiled proton(grey track particle) emitted in 150 A MeV 4 Heemulsion, 290 A MeV 12 C-emulsion, 400 A MeV 12 C-emulsion, 400 A MeV 20 Ne-emulsion and 500 A MeV 56 Fe-emulsion interactions are investigated. It is found that the forward and backward averaged multiplicity of grey, black and heavily ionized track particle increase with the increase of target size. Averaged multiplicity of forward black track particle, backward black track particle, and backward grey track particle do not depend on the projectile size and energy, but the averaged multiplicity of forward grey track particle increases with increase of projectile size and energy. The backward grey track particle multiplicity distribution follows an exponential decay law and the decay constant decreases with increase of target size. The backward-forward multiplicity correlations follow linear law which is independent of the projectile size and energy, and the saturation effect is observed in some heavy target data sets.
Introduction
The study of the production of backward particles in hadron-nucleus and nucleus-nucleus interactions at high energies has received considerable experimental and theoretical attention because the fact that the backward emission of relativistic particles in high energy hadron-nucleon collisions is kinematically restricted. The backward emission of protons and pions in hadron-nucleus [1] [2] [3] [4] [5] [6] [7] and nucleus-nucleus [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] at relativistic energies have been investigated exclusively. It is found that the backward proton production was attributed to the absorption of secondary pions by a nucleon pair in the target nucleus, and the backward pions production shown to be consistent with the cumulative effect [19] . The emission of target evaporated fragments is isotropic in the rest system of target nucleus according to the cascade evaporation model [20] , but attributed to the electromagnetic field from projectile the emission of target evaporated fragments is close to θ ≈ 90
• symmetric and the multiplicity in forward hemisphere is greater than that in backward hemisphere. There is no reasonable theoretical model to explain the salient features of forward-backward multiplicity correlations. For the particle production in backward hemisphere and forward-backward multiplicity correlations in nucleus-nucleus collisions at intermediate and high energies (a few hundreds MeV/nucleon), a little attention is paid to study.
According to the participant-spectator model [21] of the high energy nucleus-nucleus collisions, the projectile and target sweep out cylindrical cuts through each other. The overlapping region of nuclear volumes is called the participant region, where multiple production of new particles occurs and the nuclear matter breaks up into nucleons. The remaining parts of nuclei which do not participate in the disintegration process are called the spectator regions of the projectile and target nuclei. In a central collision the projectile is drilling a cylindrical hole through the target nucleus, striking every nucleon in its path. Some of the struck nucleons will penetrate into the spectator part whereas some will escape through the hole. It is assumed that effectively only those nucleons that are originating from the surface region of the cylinder penetrates into the spectator and that these nucleons move away from the centre of the hole. In a peripheral or semi-central collision only a part of the cylindrical hole is developed, and here the probability that a struck target nucleon will disappear without penetrating into the spectator increases with the decrease of the collision centrality. During this colliding process, a fraction of the available energy is transferred to the spectator parts of colliding nuclei, leaving those nuclear remnants in an excited state. After this stage, the de-excitation of the nuclear remnants take place and the target and projectile fragments are formed. In general, this reaction mechanism is also reasonable for the intermediate and high energy, but the production of new particles in participant region is highly suppressed because of the limited reaction energy.
In this paper the forward-backward multiplicity and correlations of target evaporated fragment and target recoiled proton produced in 150 A MeV 4 He-emulsion, 290 A MeV 12 C-emulsion, 400 A MeV 12 C-emulsion, 400 A MeV 20 Ne-emulsion and 500 A MeV 56 Fe-emulsion interactions are investigated, we want to find out the general characteristics of the particle production in backward hemisphere and forward-backward multiplicity correlations in nucleus-nucleus collisions at intermediate and high energies.
Experimental details
Five stacks of nuclear emulsion made by Institute of Modern Physics, Shanxi Normal University, China, are used in present investigation. The emulsion stacks were exposed horizontally at HIMAC, NIRS, Japan. The beams were 150 A MeV 4 He, 290 A MeV 12 C, 400 A MeV 12 C, 400 A MeV 20 Ne and 500 A MeV 56 Fe respectively, and the flux was 3000 ions/cm 2 . BA2000 and XSJ-2 microscopes with a 100× oil immersion objective and 10× ocular lenses were used to scan the plates. The tracks were picked up at a distance of 5 mm from the edge of the plates and were carefully followed until they either interacted with emulsion nuclei or escaped from the plates. Interactions which were within 30 µm from the top or bottom surface of the emulsion plates were not considered for final analysis. All the primary tracks were followed back to ensure that the events chosen do not include interactions from the secondary tracks of other interactions. When they were observed to do so the corresponding events were removed from the sample.
In each interaction all of the secondaries were recorded which include shower particle, target recoiled proton, target evaporated fragment and projectile fragments. According to the emulsion terminology [20] , the particles emitted from high energy nucleus-emulsion interactions are classified as follows.
(a) Black track particle (N b ). They are target evaporated fragments with ionization I > 9I 0 , I 0 being the minimum ionization of a single charged particles. Range of black particle in nuclear emulsion is R < 3 mm, velocity is v < 0.3c, and energy is E < 26 MeV. The multiplicity of black track particle emitted in forward (emission angle θ ≤ 90
• )and backward hemisphere (θ > 90 • ) is denoted as n respectively, and total multiplicity is denoted as n b .
(b) Grey track particle (N g ). They are mostly recoil protons in the kinetic energy range 26 ≤ E ≤ 375 MeV and a few kaons of kinetic energies 20 ≤ E ≤ 198 MeV and pions with kinetic energies 12 ≤ E ≤ 56 MeV. They have ionization 1.4I 0 ≤ I ≤ 9I 0 . Their ranges in emulsion are greater than 3 mm and have velocities within 0.3c ≤ v ≤ 0.7c. The multiplicity of grey track particle emitted in forward and backward hemisphere is denoted as n f g and n b g respectively, and total multiplicity is denoted as n g . The grey and black track particles together are called heavy ionizing particles (N h ). The multiplicity of heavy ionizing particle emitted in forward and backward hemisphere is denoted as n f h and n b h respectively, and total multiplicity is denoted as n h .
(c) Shower particle (N s ). They are produced single-charged relativistic particles having velocity v ≥ 0.7c. Most of them belong to pions contaminated with small proportions of fast protons and K mesons. It should be mentioned that for nucleus-emulsion interactions at a few hundred MeV/nucleon most of shower particles are projectile protons not pions.
(d) The projectile fragments (N f ) are a different class of tracks with constant ionization, long range, and small emission angle.
The nuclear emulsion is composed of a homogeneous mixture of nuclei. The chemical composition of nuclear emulsion is H, C, N, O, S, I, Br, and Ag, and major composition is H, C, N, O, Br, and Ag. According to the value of n h the interactions are divided into following three groups.
Events with n h ≤ 1 are due to interactions with H target and peripheral interactions with CNO and AgBr targets.
Events with 2 ≤ n h ≤ 7 are due to interactions with CNO targets and peripheral interactions with AgBr targets.
Events with n h ≥ 8 definitely belong to interactions with AgBr targets.
3 Results and discussion forward-backward multiplicity for grey track particle ((F/B) g )decrease with the increase of target size, but for black track particle it is independent of the target size. The forward-backward multiplicity ratio for grey track particle is greater than that for black track particle, which is reasonable consistence with the prediction of the cascade evaporation model. 
where j means forward hemisphere (f) and backward hemisphere (b) respectively. The fitted lines is shown in the Fig.2 and the fitting parameters is presented in tables 3-5, some of the fitting parameters is from the first a few data sets. Table 2 . The averaged forward and backward multiplicity and forward-backward multiplicity ratio of black, grey and heavily ionized track particles in nucleus-emulsion interactions. tendency is happened as the ones in the correlation of < n Based on geometrical picture (the participant-spectator model) [21] and the cascade evaporation model [20] of high nucleus-nucleus collisions, the grey track particles are emitted from the target nucleus very soon after the instant of impact, which is the target recoiled protons of energy ranging up to 400 MeV, the black track particles are images of target evaporated particles of low-energy(E < 30MeV) and singly or multiply charged fragments. For interactions with 2 ≤ n h ≤ 7 (nucleus-CHO interactions), < n The backward-forward multiplicity correlations can also be explained based on geometrical picture [21] and the cascade evaporation model [20] 
Summary
The forward-backward multiplicity and correlations of black track particles and grey track particles emitted in 150 A MeV 4 He-emulsion, 290 A MeV 12 C-emulsion, 400 A MeV 12 C-emulsion, 400 A MeV 20 Ne-emulsion and 500 A MeV 56 Fe-emulsion interactions are investigated. It is found that the forward and backward averaged multiplicity of grey, black and heavily ionized track particle increase with the increase of target size. Averaged multiplicity of forward black track particle, backward black track particle, and backward grey track particle do not depend on the projectile size and energy, but the averaged multiplicity of forward grey track particle increases with increase of projectile size and energy. The backward grey track particle multiplicity distribution follows an exponential decay law and the decay constant decreases with increase of target size. The general characteristics of backward-forward multiplicity correlations of black, grey and heavily ionized track particles are discussed, which can be well explained by the geometrical picture and the cascade evaporation model of high nucleus-nucleus collisions.
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